For generation mean analysis a simultaneous joint scaling test with several correlated traits is proposed. Scaling test for individual traits were compared with this test and in general were not independent and are relatively less efficient for the correlated traits situation. The two and three traits cases have been illustrated with real data.
INTRODUCTION
Generation mean analysis is often used to estimate components of mean (additive and dominance effects and interaction and heterosis) of individual traits. A joint scaling test proposed by Cavalli (1952) and described in Mather and Jinks (1971) is generally used for testing the appropriateness of the mathematical model before estimating or testing the significance of the components of means. A number of papers (e.g., Pathak and Singh (1970) , Law eta!. (1978) ) present generation mean analyses for several traits considered individually. However, the traits may be significantly correlated, perhaps due to linkage, so that inferences from scaling tests applied to individual traits are dependent. A simultaneous scaling test is proposed which tests genetic models for several traits and estimates various components while allowing for correlations among them. Estimators of the mean components from the simultaneous scaling test will be more efficient than those from scaling tests applied on individual traits. However, as far as is known, the improvement in efficiency is relatively small.
A simultaneous scaling test for any number of correlated traits is presented in section 2. The two traits case and some statistical consideration of the two tests are given in section 3 and illustrated in section 4 using the referee's analysis for two and three traits data of his colleagues.
SIMULTANtOUS JOINT SCALING TEST
Consider the situation where a plant breeder is interested in generation mean analysis for p correlated traits using information from a set of m generations. Further assume that the generations permit the estimation of the components of means required. For instance, a set of four or more generations (e.g., P1, P2, F1, F2, B1, B2) may be raised to estimate the often needed components m, {d], {h] for a trait.
M. SINGH
If Yky is the measurement on the kth trait of the jth individual in ith generation the associated genetic model is Ykq=xjk+ek (k=l,2,...p;j=l,2,n,;i=l,2,...m) .
( 1) where n is the number of individuals in ith generation; x is a row vector of known constants and 13k is a vector of q,. unknown parameters (components of means). For instance, if the generation observed is B1 then for the three component model, 13k = (m, [d] , [h] ); q,, = 3 and x' = (1,0.5,0.5).
ek is assumed to be normally distributed with zero mean and o,. variance.
Covariance between ek,J and ek',.y is 01kk for i = i', j =j' and zero otherwise Model (1) can be rewritten in terms of observed generation means: Xf3 +4, or more compactly by and for the traits k and k' the covariance between means of the same ith generation as coy (k,, ek) crkk./n; and coy (kg, ek') =0 for I i'.
From the measurements made on the characters k and k', the variance o,, and covariance crIkk within ith generation can be estimated by Under the above model we shall consider the following.
(i) Individual trail analysis For the kth trait (k = 1, 2, . . . p) we have below the statistic Qk for testing the appropriateness of model (2) and the weighted least squares estimates
The distribution of Qk is approximately x2 with m -q,. degrees of freedom. It is approximate since Wkk contains estimated variances (Mather and Jinks 1971; Gale et aL, 1977) . The variance-covariance matrix of the estimated components of 13 is given by (ii) Several traits simultaneous analysis
We apply Aitken's (1935) We can easily establish that the efficiency in sense of minimum variance of the two estjmators flk, using individual trait analysis, is less than or equal to that of 1k, using simultaneous analysis by the method of Rao (1973, p. 223, ii).
THE CASE OF TWO TRAITS
This section illustrates the application of the simultaneous scaling test to the two traits situation. We also exhibit the dependence of the two tests based on Q1 and Q2 by working out the correlation between Q and Q2 for correlated traits.
For two traits situation, W1WI w121.
(5) LW12 W22J
To obtain the inverse of the matrices of type (5) we shall make use of Lemma 1 (Rao, 1973, p. 33) .
Let A and D be two symmetric matrices such that inverses which occur in the expressions exist, then
where E=D-B'AB and F=AB.
Thus, in Ak -(I,,, -WXk(X'kWXk)Xk)W. Under the assumption that random vector has multivariate normal distribution (k4 =0, in Lemma 2) the variances of and covariance between the quadratic forms Q, and Q2 are below (when W is assumed to have true population values of variances and covariances).
=2(m-qk) and cov(Q,, Q2)=2trB,B2. We further note that trB,B2=tr(a11A,n11L1,2A2fl2, +fl,1A,fl,2fl22A2fl21 +fl21A ,n,1a,2A2a22 +a21A,n12a22A2fl22) =tr(A1 W12A2W21) using the relations n,,n12+n,2a22= V,2.
Further in terms of W's and X's we have
The expression (7) of covariance between Q1 and Q2 reduces to zero when the two traits are uncorrelated i.e., W,2 =0. Thus the tests based on Q1 and Q2 are dependent in general for testing the genetic model for two correlated traits.
ILLUSTRATION
An application of the method discussed in this paper has been made by the referee and his colleague on their data (details of the data available on request from Dr H. S. Pooni) and is produced in the following with their consent. The data were obtained on four traits (H1, H2: juvenile height, measured on two occasions two weeks apart; HF: height at flowering and Ls: leaf spread) in Nicotiana rustica. The total number of plants raised was 500. In table 2 simultaneous method means that H1 and H2, but no other characters, were analysed simultaneously.
We now consider the estimation of parameters for three traits H1, HF and L5 analysed individually and according to schemes table 2 and table 3 , we notice that there is improvement in efficiency by inclusion of two or more traits in analyses. However, this improvement is relatively small. The improvement in efficiency will be determined by the degree of correlation between the traits over these generations. It is expected that improvement in efficiency will be greatest when correlations are intermediate. When all correlations are zero then simultaneous traits analysis 
